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Aims To evaluate the prevalence of transaminase elevation on placebo during
Phase I trials.

Methods Retrospective review of pooled transaminase data collected on placebo
during 13 Phase I trials in 93 healthy volunteers hospitalized for 14 days, with
determination of the prevalence of abnormally high values.

Results 20.4% of the 93 subjects showed at least one ALT value above the upper
limit of the normal range (ULN), and 7.5% had at least one value twice ULN.
Conclusions Laboratory safety results of Phase I trials should be interpreted with
caution, in the light of data on placebo, to avoid premature discontinuation of the

development of safe drugs wrongly believed to be hepatotoxic.
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Introduction

Hepatotoxicity is the leading reason for removal of new
chemical entities (NCEs) from the market. A recent
review of 29 drugs that were first approved and
subsequently banned because of safety concerns showed
that in eight cases (28%) liver damage was either the only
reason (4 cases) or one of the reasons (4 cases) for
discontinuation [1]. Of 130 drugs withdrawn from the
market for safety reasons between 1964 and 1992, adverse
effects on the liver were responsible in 18% of cases [2].
During drug development 29 of 320 NCEs were
terminated due to clinical toxicity, including nine (31%)
due to effects on the liver [3].
preclinical studies were predicting possible liver effects in
4 out of these 9 drugs.

These data illustrate both the importance of detecting
potential hepatotoxic effects of NCEs and the possibility
of false-negative results during preclinical and clinical
tests for hepatotoxicity. One of the key objectives of
Phase 1 trials is to assess the safety of NCEs in humans,
and in particular to document the absence of hepatotoxic-
ity. Any significant increase in Alanine Amino Transferase
(ALT) during this early phase, most notably in repeated-
dose studies in healthy volunteers may lead to discont-
inuation of development of the drug. However, ALT
elevation to levels above the upper limit of normal
(ULN) can occur in subjects treated only with placebo.

Information from
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To assess the prevalence of this phenomenon and try to
understand its significance, we established a database
including ALT data obtained on placebo during Phase 1
trials sponsored by Synthélabo Recherche.

Methods

All the studies included in the database fullfilled the
following criteria: tolerability trials of NCEs, placebo
arm, repeated dosing for at least 14 days, strictly screened
healthy male volunteers hospitalized throughout the
study, and repeated transaminase determinations including
baseline measurements.

The ULN for ALT varied from 30 ITU1™ ' to 50 U1~
across studies performed in different Phase I units
according to the different methods in ALT assay used.
To pool the data from different studies, transaminase
levels were converted to multiples of the ULN. For
example, if the ULN was 50 IU/l, an ALT value of
60 IU 1" was converted to 1.2 ULN.

The healthy volunteers were all males aged 18-40
years, with no history of significant disease and normal
findings from physical examination. All smoked less than
10 cigarettes per day, and smoking was prohibited during
all the trials.
morphine, amphetamines, cocaine, cannabis, benzodiaz-

All the volunteers were screened for

epines, and barbiturates prior to inclusion. Serologic tests
for the HIV and hepatitis B virus were performed.
Negative serologic tests for the hepatitis C virus was a
criterion for half the study sample.

Transaminase assays were performed at preinclusion
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(less than 2 weeks before the start of the study), at
inclusion (usually on the morning prior to the first
administration) and the end-of-study evaluation.

The number of transaminase determinations done
during the 14-day treatment period varied across studies,
from two (usually days 7 and 14) to seven or more (in
subjects with suspected transaminase elevation).

Prevalences were determined by counting each subject
once, at the time point with the highest ALT level under
treatment.

Results

Thirteen studies fullfilled our inclusion criteria. The
prevalence of ALT elevation on placebo is shown in
Table 1. Owverall, 79.6% of the subjects receiving a
placebo for 14 days during a Phase 1 trial had all
transaminase levels below the ULN. Of the 20.4% of
subjects who had at least one value above ULN, about
two third (12.9% of the total) had their highest value
between ULN and twice ULN, and only one third (7.5%
of the total) had at least one value greater than twice ULN.
In one study (Figure 1), two subjects had values greater
than three times ULN during treatment, which was
predefined as the criterion for withdrawing subjects on a
blind basis. During screening, these subjects had values
slightly above the ULN, and should have been excluded,
although baseline values were within the normal range.
In all the studies, subjects with abnormal ALT values
underwent extensive investigation of a potential cause of
ALT elevation. In particular, all subjects with ALT levels
greater than twice ULN underwent an extensive viral
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Figure 1 ALT (IU 17" on placebo during study 9 (14 day
tolerability study of an NCE). *end of treatment, **drop out.

and parasites screen covering most of the common causes
of transaminase elevation, such as cytomegalovirus,
Epstein-Barr virus, toxoplasmosis and Coxsackie viruses.
Although this search was negative in most cases,
seroconversion (IgM) was demonstrated in two subjects,
providing an explanation for the transaminase elevation;
for instance, subject 44 in study 8 (Figure 2) showed
immunological evidence of recent mononucleosis.

Most of the abnormal values were found well after the
first week of hospitalization, as illustrated by the examples
in Figures 1 and 2; cases during the first week of
hospitalization were exceedingly rare (see Table 2). Some
individuals did not reach the ULN but had ALT levels
that tended to increase over time (see subjects 6 and 8 in
study 9, Figure 1). ALT levels returned to normal within
a few days of hospital discharge and discontinuation of
placebo in the overwhelming majority of cases.

Table 1 Prevalence of highest ALT values during 14-day tolerability Phase I studies (n=13).

Number of ALT
Number of evaluations under ULN<ALT
Study number exposed subjects treatment (‘normal values’) 2ULN>ALT>ULN 3ULN>ALT>2ULN ALT>3ULN

1 6 2 4 1 1 0

2 5 2 5 0 0 0

3 6 2 5 1 0 0

4 3 2 3 0 0 0

5 6 2 6 0 0 0

6 9 2 8 1 0 0

7 6 2 5 1 0 0

8 12 6 8 2 2 0

9 8 7 5 1 0 2
10 12 7 11 1 0 0
11 9 2 7 1 0 0
12 6 3 4 1 1 0
13 6 3 3 2 1 0
Total 93 42 74 12 5 2
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Figure 2 ALT (IU 171) on placebo during study 8 (14 day
tolerability study of an NCE). *end of treatment.

Week 2 (day 8—15%* inclusives)

Discussion

Although most investigators are aware that transaminase
elevation can occur during placebo treatment very few
publications on this issue are available. Our study of the
Synthélabo Recherche database provides an estimate of
the prevalence of transaminase elevation on placebo
during Phase I trials in healthy subjects hospitalized for a
fixed period of 14 days. Kobayashi and coworkers [4]
found a lower prevalence of 12.5%, but their review
included studies with treatment duration of only 7 days.
Merz et al. [5] found a prevalence of over 20% in a
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review including studies with placebo treatment durations
of 7 to 31 days (mean: 13.8 days).

The duration of hospitalization may have a major
impact on the prevalence of transaminase elevation on
placebo, since most cases occur during the second week
of hospitalization. One factor may be an imbalance
between reduced physical activity and maintained calorie
intake. Kanamaru et al. [6] reported ALT elevation in a
group of subjects who rested for 7 days, contrasting with
an absence of significant changes in a control group of
subjects who engaged in daily physical exercise. However,
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other studies involving bed rest for a week or more
(spatial medecine, metabolic studies) did not report ALT
elevation [7].

The composition of the diet may play a role. Porikos
[8] showed that a combination of excess calories and a
high sucrose intake was associated with enzyme elevation.
The role of carbohydrates was further confirmed by an
8-day three-way cross-over study in 12 healthy subjects

12
12

subjects

involved
49
20
93

Number of

s 4a_ v T
0 AN — A

13

comparing a high fat diet (58% fat) providing
4500 kcal dayil, a high carbohydrate diet (32% sugar,
27% CHO) providing 4400 kcal dayil, and a ‘healthy’
diet providing 1900 kcal day*1 [9]. Whereas liver
function tests remained normal in all the subjects on the
healthy and high fat diets, significant increases in ALT
levels were observed in five of the 12 subjects on the
high carbohydrate diet. In all our Phase I trials, the diet

Number of
studies

*In most studies, laboratory safety evaluation was performed on the morning of day 15 (12 or 24 h after last drug intake).

Table 2 Time of appearance of highest ALT abnormal values.
*Studies number 1-7, 11.

Studies number 12 and 13.

c

All studies
Study number 8.
4Studies number 9 and 10.
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provided less than 2500 kcal day ' with a reasonable
proportion of carbohydrates, but the carbohydrate intake
was not closely maintained within predefined limits.

Kobayashi and colleagues [4] concluded that factors
associated with an increased risk of transaminase elevation
were a baseline ALT level lower than the AST level
and/or a high body mass index. When applied to our
pooled studies, these factors failed to predict transaminase
elevation on placebo. More recently, Merz et al. [5]
performed a meta-analysis of 13 placebo-controlled
multiple-dose Phase I studies in which subjects with ALT
elevation on placebo were compared with those with no
clinically significant changes in ALT levels. Baseline ALT
values greater than 10 [U 17" and a baseline AST value
lower than the baseline ALT value had a sensitivity of
73% and a specificity of 74% for predicting ALT level
elevation during the trial. In another study [10], the same
group used a probabilistic neural network to predict ALT
elevation. Using baseline values of eight routine laboratory
safety parameters (platelet count, total bilirubin, ALT,
AST, potassium, creatinine, urea, and uric acid), the
network allowed general prediction of increasing ALT
levels during the trial: sensitivity was 100% and specificity
was 85%.

Little is known about intrasubject variability of liver
enzyme levels [11]. In 8 out of 13 studies presented here,
only two measurements of ALTs (day 7 and 14 or 15)
were performed under treatment while in studies 3, 4, 5
and up to 7 serial measurements were made in order to
monitor the abnormal changes. Therefore, the findings
may be largely if not completely explained by the
multiplicity of the sampling. In order to weigh the
potential role of the multiple measurements in the
observed phenomenon, several considerations need to be
taken into account. Firstly, these serial measurements are
not independent because they are performed in the same
individuals and this lack of independence is illustrated by
Figure 1. Although the probability of obtaining at least
one abnormal value after a series of samples cannot be
made by multiplying the probability of each sampling,
the repeated measurements increase the probability of
observing an ‘abnormal’ value: 11 subjects with abnormal
data out of 61 (18%) were obtained from the studies
where 2 or 3 ALT evaluations were performed while 8
subjects with abnormal data out of 32 (25%) came from
studies with 67 ALT evaluations. Secondly, the time of
appearance of the abnormal values may play a much
more important role than the multiplicity of sampling.
As illustrated in Table 2, abnormal values occurred more
frequently during the second week of treatment despite
of a similar overall number of ALT evaluations in the
first (n=16) and the second week (n=23). This was still
the case when considering only the mild increases
(<2ULN) which are more likely to be found ‘by chance’:
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3 cases during the first week vs 9 cases during the second
week. Moreover, when considering only the 8 studies
with two assessments (one on day 7 and one on day 14,
with a theoretically equal chance of an abnormal result
on each week) 100% of the abnormal values (6 cases)
were found during the second week of treatment. Thirdly
and probably most importantly, it is clear that the patterns
of abnormal tests in some subjects seem to indicate a
study related role and not a chance observation due to
the repetition of the tests in the same subject.

In summary, it is now recognized that transaminase
elevation in placebo-treated subjects during Phase I trials
lasting longer than seven days are not an artefact due to
‘bad luck’, “unhealthy” volunteers, or ‘poor Phase I unit
organization’, but a real phenomenon that deserves
further study. Its prevalence needs to be determined and
its potential causes elucidated via prospective studies
investigating characteristics of healthy volunteers at
baseline, diet during the trial, physical activity vs.
inactivity, and other potential factors. The potential role
of the multiplicity of the sampling must be considered.

In conclusion, the laboratory safety results of Phase I
trials should be interpreted with caution, in the light of
data in the placebo arm, to avoid premature discontinu-
ation of the development of NCEs wrongly believed to
be hepatotoxic based on transaminase elevations due to
nondrug-related causes, such as experimental conditions.
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